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ABSTRACT
The Coronavirus pandemic has impacted many facets of the United States. This
study focuses on its magnitude in comparison to prior pandemics such as Anthrax, SARS,
and Ebola. In addition to this comparison its impact on Quality Management within the
agricultural sector and food supply chain was also assessed. The results of these studies
showcase that COVID-19 has grown exponentially in comparison to prior pandemics and
will continue to do so as we enter the winter season. Agricultural equipment
manufacturing companies saw a drastic decline in quarterly revenues within 2020 in
comparison to 2019. Millions in net sales were lost due to the impact of the pandemic in
farming equipment demand and the decrease in international supply available due to
mandated shutdowns. The preparation for a pandemic such as COVID-19 was lacking
within the U.S. Proactive steps, which are recommended within this study, need to be
established in order to minimize impacts on this industrial sector, specifically their
personnel, declining revenues, overall employee health and satisfaction.
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CHAPTER ONE
INTRODUCTION
The purpose of this study is to provide and identify critical procedures that need
to be maintained in Quality Management in the event of a pandemic. In addition to
pinpointing these impacts, we are looking at how we can minimize the detrimental effects
it can have on companies and the overall economy. Of course, this sector of the industry
can never stop functioning, people will always need food and essentials to be able to live
their lives. Agriculture and food supply chains are considered an essential to everyday
life. Quality management and quality engineering go hand in hand within this sector. In
order to provide safe and high-quality food and other essential products to the general
public and even other businesses, we must maintain strict quality practices to ensure the
well-being of the general public but the economy as well.
Quality management has been a part of many facets of life, even dating back to
Medieval Europe, where craftsmen began organizing into unions called guilds in the late
13th century (ASQ, 2020a). These guilds created and crafted stringent rules and
guidelines for products or services to maintain quality. In addition to these guilds, there
were inspectors who enforced these rules by marking goods that were considered flawless
with a special symbol. This has come to be known as an “Inspectors Mark” or a proof of
quality for a product. The 20th and 21st century has seen an exponential growth in the
process of quality practices. Post-World War II, major Japanese manufacturers had a
quality revolution which resulted in the birth of Total Quality Management within the
United States (ASQ, 2020a). The Japanese had implemented input from well-known
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American quality experts, one being W. Edwards Deming. Deming created 14 points of
Total Quality Management (TQM) that provide a framework to develop knowledge in the
workplace and that can be used to guide long term business plans (British Library, 2016).
The Deming Wheel is also a well faceted series of steps that help guide a company to
continual improvement;
1. Plan for changes to bring about improvement to identify problems.
2. Do changes on a small scale to test for potential solutions.
3. Check the study results.
4. Act to implement the best possible solution to the problem.
With the emergence of TQM and the Place-Do-Check-Act cycle, the United
States quality management departments matured. By the 21st century new quality systems
evolved, such as the ISO 9001 standard. This new standard of quality implemented an
emphasis on risk management. The purpose of this study is to look at pandemics, more
specifically the Novel Coronavirus (COVID-19) as a risk to quality management, and any
pandemics in the future as potential risks that will need to be managed.
COVID-19 has affected many facets of life. However, the United States has seen
these types of effects with prior pandemics, albeit not at such a large scale. This study
will also look into the Anthrax outbreak of 2001, the SARS outbreak of 2003, Ebola of
2014 and their effects on agriculture, food supply chain, and potential effects on quality
management. In addition to this, an analysis’ will be run to see if COVID-19 had impacts
on Gross Domestic Product (GDP) outputs as well as overall happiness data. The GDP is
a good indicator of how the economy is doing but also how it may have been affected by
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COVID-19. Happiness data on the other hand will tell us how much of an impact
COVID-19 has on an employee/individual standpoint. As a nation we have strived to
prepare for the worst such as warfare or terrorist attacks, however, there are many things
our nation could have learned from the past in order to prepare for the disastrous effects
of a pandemic.
Definition of Terms
The following terms and their corresponding definitions are referenced
throughout this study:
1. Agriculture: the industry of cultivating crops and food as well as raising farm
animals (Merriam-Webster, n.d.).
2. Pandemic: a disease that has spread to an entire country or the world (WHO,
2020).
3. Quality: a product or item that is measured against a standard to ensure a level of
precision or excellence (Lexico, n.d.).
4. Quality Engineering: an industry discipline that focuses on the practice of
maintaining or instilling quality into a product or service (MBN, 2020).
5. Quality Improvement: continuous actions or steps that lead to measurable
improvements in the quality of a process (HRSA, 2011).
6. Quality Management: the act of supervision of all tasks and actions that need to
be completed to maintain a desired level of precision of a product or service
(Barone, 2020).
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7. Manufacturing: the machining or creation of an industrial product, especially on a
large scale (Kenton, 2020a).
8. Supply Chain: a network between a manufacturing company and its suppliers to
produce a precise product (Kenton, 2020b)
9. Total Quality Management: all members of an organization or company are
committed to improving all levels of quality (ASQ, 2020b).
10. Zoonotic Disease: germs and bacteria that spread or originate from an animal to a
human (CDC, 2017b)
Statement of the Problem
COVID-19 has been a fast-paced pandemic that hit the United States abruptly in
March of 2020. Not only has the health of the general public taken a hit, but almost all
facets of life. There have been some studies based on prior pandemics such as the SARS
outbreak of 2003 and Ebola of 2014, however, there has not been a study that directly
looks at the impact of pandemics on Quality Management, more specifically in Quality
Management within the agricultural sector and food supply chain.
The research in this study focuses on the impacts of prior pandemics on this
industry and sectors of work. This study will look into past pandemics such as Anthrax of
2001, SARS of 2003, Ebola of 2014. Those results from those prior pandemics will be
compared to our most current pandemic, COVID-19. This study will use a mixed method
approach to identify patterns between the pandemics and their effects on quality within
agriculture and the food supply chain. In addition to identifying patterns, impacts will be
compiled so they can be classified as risks and for a better course of action to be taken by
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Quality Managers in the event of another pandemic in the future. Challenges will also be
discussed in regard to adhering to stricter quality management procedures that will be
laid out within this study.
Purpose of the Study
The purpose of this study is to provide and identify critical procedures that need
to be maintained in in a company that designates a quality management department in the
event of a pandemic. The best course of action is to be proactive, not reactive. This thesis
will compare patterns from prior pandemics where we could have implemented better
procedures to minimize the impact COVID-19 has had on this sector of work. To identify
these patterns a mixed method approach was taken to gather data from existing databases
to pinpoint trends, effects, and impacts on the agricultural sector, food supply chain, and
how Quality Managers have maintained their procedures during these events as well as
how their level of quality or general product output was maintained during these events.
Research Questions
The research questions addressed in this thesis are the following:
1. What are the current and future case and death trends of COVID-19?
2. What is the impact of COVID-19 on the U.S. Gross Domestic Product ?
3. What is the impact of COVID-19 on U.S. happiness levels?
4. What are the effects of pandemics on Quality Management within the
Agricultural Equipment Manufacturing industry quarterly revenues?
5. What are the challenges associated with implementing stricter Quality
procedures?
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6. What are the factors that would make implementing alternative and stricter
quality procedures successful?
Prior studies done to monitor the effects of Anthrax, SARS, and Ebola will be
looked at in-depth to look at their general impact on these industries and within the
quality sector of these industries. What factors at that point in time contributed to positive
quality management and potential ways that it was hindered. The prior pandemics and
their data will be used as a point of reference in how quality managers could have been
better prepared for any future pandemics such as COVID-19.
This study utilizes a mixed method approach to analyze the past pandemic
situations, as well as current ones with COVID-19. This research will rely on population
health data on pandemic effects and the responses of Agriculture and the Food Supply
Chain Industry Quality Management. Second, this study will discuss a potential outline to
mitigate negative impacts a pandemic would have on these industries and departments.
Motivation of the Study
The following are the motivations for this study:
1. As the COVID-19 pandemic pushes towards the end of the 2020, this study
will help identify potential solutions to problems that arise in Quality
Management.
2. The agricultural industry and food supply chain will always have to operate in
order to feed our nation, but quality must also be maintained in order to keep
our nation safe and healthy. This study is important to maintain and/or
improve our quality process when the economy is so strained.
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3. There have not been extensive studies previously that specifically focus on
maintaining good quality practices or impacts on quality within these
industries.
Statistical Case Study
Quality Management will be the focal point of this study, it will be looked at from
within two industries; Agriculture and Food Supply Chain. A comparison will be done
from prior pandemics; Anthrax, SARS, and Ebola to see what their effects were on the
general population and within this department of these industries. This research will build
upon the successes that quality managers have taken to mitigate the effects of these prior
pandemics and will provide potential guidance on how to better handle future pandemics
should they arise.
Hypotheses of the Study
The first hypothesis of this study is as follows:
H: There is a statistical significance that the number of COVID-19 cases will
continue to increase for the foreseeable future.
Ho: There is no statistical significance that suggests that COVID-19 positive
cases will increase.
The second hypothesis is as follows:
H: There is a statistical significance that COVID-19 has had an impact on GDP.
Ho: There is no statistical significance that COVID-19 has had any impact of
GDP.
The third hypothesis is as follows:
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H: There is a statistical significance that COVID-19 has had an impact on
happiness levels.
Ho: There is no statistical significance that COVID-19 has had any impact of
happiness levels.
The fourth hypothesis is as follows:
H: There is a statistically significant difference in the outputs and revenue of
these industries with the increase in positive COVID-19 cases.
Ho: There is no statistical significance that suggests that COVID-19 affects
agricultural equipment manufacturing companies revenues.
The fifth hypothesis is as follows:
H: There is a statistical significance that avoiding a company shutdown would
make implementing alternative and stricter quality procedures more successful.
Ho: There is no statistical significance that suggests any factors prove
implementing alternative and stricter quality procedures more successful.
The sixth hypothesis is as follows:
H: There is a statistical significance that employee commitment to quality
changes affects implementing stricter quality management procedures.
Ho: There is not a statistical significance that there are any challenges to
implementing stricter quality management procedures.
Limitations of the Study
It would be pleasing to say that all industries have a quality department to be able
to determine effects on the company and that department specifically. A limitation to this
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study is in regard to some companies not having specific departments for their quality
management processes. An example of this was a brief period at John Deere.
Management for the division for manufacturing tractor parts for older tractors decided a
quality management and engineering team was unnecessary, however soon after
removing the quality team they saw a significant increase in flaws and errors in their
product and quickly reinstated the quality team (John Deere, 2020a). Another situation is
when a company has employees who do more than one department’s tasks, meaning they
are taking care of quality whilst having other responsibilities on their plates.
Another limitation to the study would be that COVID-19 is still a prevalent
concern and data is compiled daily still. To complete this study a stopping point on data
collection had to be determined. The results of the findings in this study would be
applicable to the time of completion but may become erroneous as time goes on. In
addition to continuous data, not being able to do field visits to different manufacturer
locations was also found to be a limitation. This was primarily due to distance and
COVID-19 precautions.
Other factors that could be considered limitations were deaths caused by
underlying health factors. Since COVID-19 does primarily kill those that are considered
“at-risk”, those at-risk patients were not easily identifiable within the study. Some deaths
that occurred while a patient had COVID-19, might not have been document as a
COVID-19 death but documented as their underlying health problems like Asthma or
cancer. Along with not having in-depth health data, the study itself might not be
generalizable due to the low sample size of agricultural equipment manufacturers. The
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ones compiled in this study are the top grossing and have the most impact within the
economy, but there are smaller manufacturers out there that the researcher was not able to
compile quality or COVID-19 data on.
Delimitations
As mentioned above a stopping point of data collection for the study had to be
determined, which can also be considered a delimitation. This was a conscious choice by
the researcher to stop the data collection right before the start of the winter season.
Additionally, some agricultural equipment manufacturers did have their third quarter
revenues listed while some did not. The research did not include third quarter revenues
within the final comparison.
Assumptions
Some assumptions the researcher made during the ideation of the study was that
there will be an effect on this sector of work. With being aware of local news sources
about the how the U.S. is handling this pandemic, it was obvious that there has and will
continue to be a drastic impact on our economy from COVID-19. Other assumptions are
as follows:
1. Agricultural equipment manufacturers revenues are pulled and readily
available from their respective websites for a mixed method analysis.
2. Data pulled from the CDC and WHO are accurate during the timeframe
determined by this study.
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What Separates the Current Study from Prior Studies?
As the literature review was done, many studies touched on certain pandemics in
a general sense but not in a direct comparison to COVID-19. Additionally, there were
few studies that addressed the subject of quality management during pandemics such as
COVID-19. This shows the benefit of doing this study as it would add data driven
knowledge to this segment of work.
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CHAPTER TWO
LITERATURE REVIEW
Overview
Many firms are focused on tools and practices instead of creating a quality
management infrastructure that will lead to long-term positive results (Johansson, 2007).
Quality management is an integral part of the manufacturing process in many industries
from cars, to agriculture, and even toys. It is imperative that quality procedures are
followed during any given condition of the U.S. By maintaining proper procedures, we
maintain product and service quality and safety. This literature review goes over studies
of some of the effect’s pandemics can have on food supply and agriculture, how quality
management has been implemented and improved during pandemics and some failures
amongst quality in the face of a pandemic such as COVID-19.
Impacts of Pandemics on Food Supply and Agriculture
Of all global deaths, 20% can be attributed to infectious communicable diseases
(Aiyar & Pingali, 2020). The lack of food system safeguards and quality management
have played a part in large scale pandemics such as Covid19, H1N1, Swine flu, and
Ebola. Without these safeguards being implemented there are many stages of food
production and food packaging where contamination and food bourn illnesses can
happen. Aiyar and Pingali (2020) study was able to pinpoint that global interests were
more focused on reactionary measures such as maintaining a steady source of food
supply. However global interest in containment of this disease should be directed towards
changing behaviors and policies in favor of proactive efforts, not reactionary ones. Based
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off of their findings about the lack of global proactive measures we can see a spike in
deaths for COVID-19 in Figure 1.

Figure 1. Global Deaths from Infectious Disease between Jan and May of 2020. Reference: Aiyar and Pingali (2020)

While focusing on improving food safeguards, Aiyar and Pingali also suggested
to implement rigorous technological ways of surveillance of diseases and potential
pandemics. Implementing and investing in technology that is able to gather and distribute
health related information quickly and efficiently would be an ideal proactive measure.
Effective tracking needs to be instilled into all facets of quality management, quality
assurance, and production in order to minimize the detrimental impact a zoonotic disease
can have not just on the food supply in the United States, but global food supply.
Agriculture is one of the most important sectors in human development and is
related to food security (Siche, 2020). The impact of pandemics of this sector has been
present with pandemics from the 20th century and now with Covid-19 we are seeing a
growing impact. With a negative impact on the agricultural industry we see a greater
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increase in hunger and malnutrition, and with hunger and malnutrition we see greater
increases in deaths. Siche (2020), compiled the death tolls from some of the major
pandemics that have impacted the world in Table 1.

Table 1. Death Toll of Major Pandemics.

Name
Time Period
Spanish Flu
1918-1919
Asian Flu
1957-1958
Hong Kong Flu
1968-1970
HIV/AIDS
1981-present
Covid-19
2019-PRESENT
Reference: Siche (2020)

Type
H1N1
H2N2 virus
H3N2 virus
Virus
Coronavirus

Death Toll
More than 50M
1.15M
700,000 and 1M
32M (est. March 2020)
36,405 (est. March 2020)

The premise of any measure adopted should be to protect the health and food
security of the population, to the detriment of economic growth, although some
governments go in the opposite direction (Siche, 2020). Unfortunately, political and
economic agendas can also have an impact on maintaining the importance of agriculture
and food supply for our nation. If the agricultural sector is not at the forefront of the
nation, then there will be three different vulnerable groups affects:
1. Those who experience chronic hunger;
2. Small farmers, who may be prevented from working on their land and
accessing markets;
3. Children from low-income families, who are mainly nourished by food
provided by social programs;
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Zoonotic diseases like COVID-19 thus reveal distressing dimensions of the global
agriculture and food system that are not adequately understood or regulated through
private commerce (Glenna, 2020). Leland Glenna’s (2020) study brings up the
importance of improvements needed in the public sector for food supply and agriculture.
Private sectors have seen a drastic increase in private investments and have been the
driving force behind research within agriculture quality, supply, and management.
The COVID-19 pandemic affects all dimensions of food security, defined by the
United Nations to include food availability, accessibility, utilization, and stability (Niles
et al., 2020). Consumer panic shopping was a large factor in the early days of COVID-19
once it hit the U.S. Store shelves were bare for weeks and companies that manufacture
day to day goods such as paper towels and hand sanitizer were being pushed to their
limits and they themselves were having to locate alternative suppliers to produce their
goods. Food and goods purchasing behaviors were impacted by COVID-19. Niles et al.
study done in March of 2020 in Vermont found that there was nearly a 32% increase in
food insecurity in households between the year preceding the pandemic outbreak among
3,219 respondents in the study.
Maintaining quality within the agricultural sector and food supply chain is
essential to the health of society. Additionally maintaining, cleaning, and organizing
quality departments themselves are essential to the health of employees. As Siche
mentioned in his study from this past year, it is pertinent for manufacturers, as well as the
government, to take a proactive approach to pandemics not reactive. If proper safety
measures are in place well beforehand, companies would be better equipped to handle
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things such as employee layoffs and scaling down their workforce should that even be
necessary.
Looking precisely at farm supply and grain organizations, 2019 was a challenging
year for agricultural retailers for a number of reasons; trade disputes narrowed
commodity margins, a wet spring in 2019 eroded agronomy sales, and a challenging 2019
harvest means a compressed 2020 spring schedule to accomplish applications (Hart et al.,
2020). Hart and colleagues focused on Iowa as it is a state that is considered a farming
and agricultural epicenter. 2019, well before COVID-19, did not have the best weather
patterns that benefitted crop yields. With a poor crop yield in 2019 due to irregular
weather patterns, and combined with COVID-19, Iowa saw a major decrease in revenue
and annual damages estimating around $788M (Millions) for corn, $213M for soybeans,
$692M in cattle and calves, and $2.1B (Billions) in pork. The agricultural industry has a
hard time maintaining a workforce due to the nature of work, combined with COVID-19
this caused an even more drastic decline in available labor. However, demand for food,
especially in the earlier within the year, was at an all-time high for grocery stores and
suppliers. With this increase in demand but lack of supply, we have seen drastic changes
in food costs over the past few months.
In other countries around the world, there have been significant economic impacts
as well. As well as having double the population of the U.S., China also faced a
significantly decreased demand in electricity and petroleum (Norouzi et al., 2020). When
the novel coronavirus (COVID-19) hit China, it was during the period of their New Year,
which is a portion of the year that many come home in order to celebrate. With the
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country having to shut down many companies in many major cities to minimize the
spread of the virus, not only did it affect food supply but other industries such as
electricity and oil. The countries industrial productivity levels decreased significantly
thus many other sectors also decreased as seen in Table 2.

Table 2. The Infection and Severeness Elasticity During the Coronavirus Epidemic

Population
Infection
Elasticity
Industrial Productivity -6.05
Stocks
-0.18
GDP Growth
-1.12
Electricity Demand
-0.65
Petroleum Demand
-0.1
Reference: Norouzi et al. (2020)

Severeness
Elasticity

t-Score

Significance

-10.67
-0.67
-0.44
-0.1
-0.9

-9.87
-0.001
-21.546
-2.232
-6.770

0.000
0.000
0.000
0.04
0.000

Other countries such as Saudi Arabia were also greatly affected wherein, they
implemented ways to mitigate food security issues amongst their people. Buheji (2020)
did a study to assess ways in which to mitigate the effects of pandemics on food security
by looking at inspiration economy and the theory of food security through the selfsufficiency concept. Human weaknesses will always arise during pandemics just due to
the fact that it can be detrimental to one’s health. It is important that there is social
solidarity not just between humans, but between corporations who greatly affect the
plight of food scarcity.
With food insecurity and scarcity being a hot topic during this past year, food
supply chains have been hit hard with the emergence of COVID-19. Queiroz et al. (2020)
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were able to determine six perspectives that these supply chain corporations to focus their
efforts during events such as pandemics. Those six perspectives are listed in Figure 2.
This study will build upon these perspectives as a way for Quality Manufacturers to
better mitigate pandemic effects.

Figure 2. Six perspectives that these supply chain corporations to focus efforts on during pandemics. Reference:
Queiroz et al. (2020)

What if farmers and many allied professional groups that make up farming
systems took responsibility for grand social and ecological challenges linked to the way
we manage agricultural resources (Wolf, 2020). Wolf’s study in 2020 looks at the toll
pandemics in general have taken on the medical side of our country, but agriculture and
farming could be expanded to accommodate the growing urban society. Because our
population is growing each year hospitals and medical professionals are being
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outnumbered. According to Wolf, if the agricultural industry had more research and
development applied to it that industry would have a bigger role in our collective future.
Not only does quality have to be maintained, but there must be a sustainable agri-food
system in place for the increasing population size and urban cities where pandemics can
spread much quicker and deplete resources.
Quality Management & Improvement During Pandemics
Taking a proactive approach rather than a reactive one during pandemics has been
discussed in other studies, with great success. Quality management has been developed
and used throughout manufacturing for years, but another area of expertise that it has
continuously grown within the healthcare industry. Quality Improvement (QI) is an
approach for understanding and measuring performance, identifying solutions to
production pitfalls, and executing changes for improvements to those pitfalls. The use of
QI methods has been sustainable, because many have used QI methods to improve
performance even after the formal collaborative period ended and these efforts can be
invigorated by the call for measures embodied in the Pandemic and All Hazards
Preparedness Act (Lotstein et al., 2008). Another look at implementing QI into health
systems and services focuses on West Africa in the time of the Ebola epidemic. The three
countries mostly affected by the West Africa EVD epidemic, Guinea, Sierra Leone, and
Liberia, are fragile post‐conflict countries, and their health systems were unprepared for
the challenges of an epidemic of such magnitude (Brugnara et al., 2019). QI was not the
technical term used by these countries’ disaster control team, but measures were put in
place to mitigate the problem such as training of health workforce on patient safety,
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issuing or adapting treatment guidelines, or improving sanitation and hygiene
infrastructure in health centers. This shows that quality management and quality
improvement can be employed and implemented in order to mitigate the aftereffects of an
epidemic or pandemic such as Ebola.
In order for quality managers to implement a better strategy in the face of any
pandemic, a proper framework needs to be implemented in order to mitigate any
decreases in quality, employee safety, and revenue. The Center for Disease (CDC) is
always a good resource for any company that is wanting to take preventative actions in
the face of a pandemic. The CDC’s updated framework provides greater detail and clarity
regarding the potential timing of key decisions and actions aimed at slowing the spread
and mitigating the impact of an emerging pandemic (Holloway et al., 2014). With the use
of this framework, it would improve the preparedness and response of not only industrial
companies but the United States as a whole. The CDC breaks down this framework into
select intervals of the phases of a pandemic spread, this is shown in Figure 3.

Figure 3. Phases of Pandemic Spreading. Reference: Holloway et al. (2014)
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There are six intervals that the CDC focused on (see Figure 3). The investigation
interval focuses on the identification of an infection wherever it may be in the world.
Recognition is initiated when the number of cases of infection start to increase and that it
shows potential that it may become a bigger issue. The initiation phase is when the
infection has started to spread via human to human contact and cases are rising. The
acceleration interval, this is where cases are increasing faster and countries must enact
stay at home orders and social distancing measures. The deceleration interval is when the
numbers are decreasing, and recovery of communities begin. Lastly, the preparation
interval has a very low level of cases, officials must prepare to the potential for there to
be a second wave of increased cases. Looking at this framework and comparing it to
COVID-19 and how it has been handled, we would surmise that there could be some
improvements. Specifically, during the recognition interval where Holloway et al. (2014)
suggest that isolation of ill individuals and voluntary quarantine is pertinent. The
improvement the researcher would suggest is implementing mandatory quarantines and
aggressively educating the public about the best sanitation practices. This could be
considered one of the biggest flaws of this framework, as it does not factor in properly
educating the public and well as industries on being proactive rather than reactive.
We should look to QI to provide us with useful strategies in terms of preparation,
operationalization, and delivery (Mondoux et al., 2020). This study focuses on how to
implement QI in order to better equip teams in different sanctions of work to best prepare
a pandemic response. Mondoux et al. (2020) believe that QI can add value from five
different perspectives;
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1. It requires proper planning and measurement strategies.
2. The educated use of QI tools, such as s driver diagrams, process map, and
flowcharts as enablers of change.
3. Tests can be done before QI implementation.
4. Maintaining of reliability.
5. Intentional scale and spread of the QI innovation to others.
These perspectives can be applied to the success of quality management from an
agricultural and food supply chain network perspective with some adjustments. One of
the downfalls of this study is in the matter of reliability, within their study they focused
more so on simple observations rather than stringent data collection and aggregation.
From an agricultural and foody supply chain perspective, this reliability measure would
have to be considered the most important of the five listed steps. If a significant number
of outliers are identified in the data it will have a ripple effect within many departments
and the economy, which is something that must be avoided at all cost during a pandemic
such as COVID-19.
Failures within Quality Management during Pandemics
Many industries have failed in maintaining proper safety measures in the
workplace to avoid contaminating employees as well as the product being produced.
From food quality to air quality many sectors of work have been affected. Bec et al.
(2020) study looked at the drastic changed in air quality from March to May of 2020. It
was found that the quality decreased significantly during the initial stages of COVID-19,
right up until mandated stay at home orders. Certain pollutants require exhaust after-
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treatment systems in order to improve air quality, however, when our population is
growing at an exponential rate it can be hard to maintain this quality. When stay at home
orders were mandated, many countries including the U.S. saw a positive impact on air
quality due to decreased road traffic (Kroll et al., 2020).
Companies that require personnel to be in very close proximity to one another to
complete tasks are other examples where failures arise during the time of a pandemic.
Within Waterloo, Iowa an example of this failure was apparent within a meat packing
plant, Tyson Meats. Along with being ill prepared to deal with a pandemic, employees
were working in close confines to one another in a company that runs three shifts
continuously. Their lack of preparation caused a two weeklong shut down of production,
and hundreds of employees testing positive for COVID-19 and some fatalities. Before the
shutdown, many employees were sick and testing positive with the virus which caused
their staff to plummet. Many departments, including their quality assurance team, were
depleted and not operating at their top threshold where their outputs would generate
enough revenue. This is arguably one of Iowa’s biggest failures in regard to the COVID19 pandemic.
If proper preparation is done by companies as a whole and within each
department, many negative implications of a pandemic can be avoided. As mentioned
above about the Tyson Meats employees being in close proximity to one another, that is
one of the biggest aspects of a pandemic. Employees must be socially distanced, and their
workflow must be centralized to minimize their movements. By doing this, many
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companies and specific departments like a quality management department, would
minimize their chances of losing employees due to sickness and health related reasons.
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CHAPTER THREE
METHODOLOGY
This study analyzed the current situation of the Novel Coronavirus pandemic and
its effects on the manufacturing industries quality management procedures with a scope
into agriculture and the food supply chain. Current data and reports about COVID-19
were provided by available public reports (CDC, 2020a). A comparison was initially
done based off of existing database information on the Anthrax outbreak of 2001, SARS
of 2003, and Ebola of 2014 to showcase the difference and how much of a drastic impact
COVID-19 has had on the United States. Tables #3 to #5 showcase the results of the
three pandemics during their respective years of emergence as well as our current
pandemic COVID-19 (See Table #6). Correlational and regression analysis were also
done from happiness data that inspects GDP, life expectancy, social support, freedom to
make choices, generosity, perception of corruption, and individuals overall happiness
(Londeen, 2020).
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Table 3. Anthrax 2001 Outbreak within the U.S. during Peak Infection times.

Individual Case #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Infection Location
New York City
New York City
New Jersey
Florida
New York City
New Jersey
New York City
Florida
New York City
New Jersey
New Jersey
New Jersey
New Jersey
DC
DC
DC
DC
New Jersey
New York City
DC
NYC

Date
Sept 22, 2001
Sept 25, 2001
Sept 26, 2001
Sept 28, 2001
Sept 28, 2001
Sept 28, 2001
Sept 29, 2001
Sept 30, 2001
Oct. 1, 2001
Oct. 13, 2001
Oct. 14, 2001
Oct. 14, 2001
Oct. 16, 2001
Oct. 16, 2001
Oct. 16, 2001
Oct. 16, 2001
Oct. 17, 2001
Oct. 17, 2001
Oct. 19, 2001
Oct. 22, 2001
Oct. 25, 2001
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Table 4. SARS-2003 Outbreak by Country

Country

Total

Median
Age

Australia
Canada
China
China, Hong Kong
China, MSA
China, Taiwan
France
Germany
India
Indonesia
Italy
Kuwait
Malaysia
Mongolia
New Zealand
Philippines
Republic of Ireland
Republic of Korea
Romania
Russian Federation
Singapore
South Africa
Spain
Sweden
Switzerland
Thailand
United Kingdom
United States
Vietnam
Total

6
251
5327^b
1755
1
346^c
7
9
3
2
4
1
5
9
1
14
1
3
1
1
238
1
1
5
1
9
4
27
63
8096

15 (1-45)
49 (1-98)
N/A
40 (0-100)
28
42 (0-93)
49 (26-61)
44 (4-73)
25 (25-30)
56 (47-65)
30.5
50
30 (26-84)
32 (17-63)
67
41 (29-73)
56
40 (20-80)
52
25
35 (1-90)
62
33
43 (33-55)
35
42 (2-79)
59 (28-74)
36 (0-83)
43 (20-76)

# of
Fatality First
Deaths (%)
Onset
Date
0
0
02/26/03
43
17
02/23/03
349
7
11/16/02
299
17
02/15/03
0
0
05/05/03
37
11
02/25/03
1
14
03/21/03
0
0
03/09/03
0
0
04/25/03
0
0
04/06/03
0
0
03/12/03
0
0
04/09/03
2
40
03/14/03
0
0
03/31/03
0
0
04/20/03
2
14
02/25/03
0
0
02/27/03
0
0
04/25/03
0
0
03/19/03
0
0
05/05/03
33
14
02/25/03
1
100
04/03/03
0
0
03/26/03
0
0
03/28/03
0
0
03/09/03
2
22
03/11/03
0
0
03/01/03
0
0
02/24/03
5
8
02/23/03
774
9.6

Last
Onset
Date
4/1/03
6/12/03
6/3/03
5/31/03
5/5/03
6/15/03
5/3/03
5/6/03
5/6/03
4/17/03
4/20/03
4/9/03
4/22/03
5/6/03
4/20/03
5/5/03
2/27/03
5/10/03
3/19/03
5/5/03
5/5/03
4/3/03
3/26/03
4/23/03
3/9/03
5/27/03
4/1/03
07/17/03
4/14/03
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Table 5. Ebola Cases during Peak Outbreak Periods Ranging 2014-2016

Countries

Total Cases

Lab
Confirmed
3,358
3,163
8,706

Total
Deaths
2,544
4,810
3,956

Date Range

Guinea
3,814
3/31/14-4/13/16
Liberia
10,678
3/31/14-4/13/16
Sierra Leone
14,124
3/31/14-4/13/16
Affected Countries
Italy
1
1
0
3/31/14-4/13/16
Mali
8
7
6
3/31/14-4/13/16
Nigeria
20
19
8
3/31/14-4/13/16
Senegal
1
1
0
3/31/14-4/13/16
Spain
1
1
0
3/31/14-4/13/16
United Kingdom
1
1
0
3/31/14-4/13/16
United States
4*
4
1
3/31/14-4/13/16
Total
28,652
15,261
11,325
*U.S. had 11 patients with Ebola in total, however only 4 became ill after they arrived at
the U.S. either after exposure in West Africa or in a healthcare setting.
Table 6. Total COVID-19 Cases and Deaths by State in the U.S.

State
AL
AK
AZ
AR
CA
CO
CT
DE
FL
GA
HI
ID
IL
IN
IA

Total
Cases
156698
8074
219763
85779
817277
71898
58297
21125
703212
320634
12788
43238
300385
122640
91025

Total Deaths
2550
57
5693
1391
15986
2057
4513
645
14554
7106
142
474
8992
3656
1372

Date of Frist
Case
3/13/20
3/13/20
1/26/20
3/11/20
1/26/20
3/5/20
3/8/20
3/11/20
3/2/20
3/3/20
3/7/20
3/14/20
1/24/20
3/6/20
3/8/20
(table continues)
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State
KS
KY
LA
ME
MD
MA
MI
MN
MS
MO
MT
NE
NV
NH
NJ
NM
NY
NC
ND
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VT
VA
WA
WV
WI
WY
Totals

Total
Total Deaths
Cases
61111
698
70727
1197
168826
5545
5468
142
126819
3957
141110
9483
139996
7110
101366
2112
100167
3011
129397
2144
14283
186
46977
493
81286
1651
8534
442
206629
16131
30000
887
216456
9050
214684
3608
23134
271
156809
4905
95816
1050
34163
563
161284
8179
25076
1118
149185
3409
23522
237
198403
2515
756004
15895
75157
474
1768
58
150803
3270
88810
2143
16307
355
134948
1363
6214
53
6,994,072
182,893

Date of Frist
Case
3/8/20
3/7/20
3/9/20
3/12/20
3/5/20
2/1/20
3/10/20
3/6/20
3/12/20
3/7/20
3/11/20
3/6/20
3/5/20
3/2/20
3/5/20
3/11/20
3/4/20
3/3/20
3/12/20
3/10/20
3/7/20
2/29/20
3/6/20
3/1/20
3/7/20
3/10/20
3/5/20
3/5/20
3/8/20
3/8/20
3/8/20
1/22/20
3/17/20
3/3/20
3/12/20
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Agricultural equipment manufacturers were identified, six being the top grossing
and 4 additional that also contribute to this industrial sector (Chakravarty, 2020). These
companies were broken down to identify their quality policies, COVID-19 response or
procedures, and quarterly revenues from 2019 and 2020.
Characteristics of the Sample
Agricultural equipment manufacturers were identified by utilizing online
databases of the top grossing manufacturers within the agricultural and food supply
sectors. Chakravarty (2020) provided a conceptual list of the highest grossing
manufacturers within the U.S. In addition to utilizing this online database, the researcher
has done field visits to a manufacturer within the Midwest region of the U.S. John Deere
is one of the biggest manufacturers within the Midwest and the most accessible based off
of COVID-19 procedures and distance to the researcher. The websites of these companies
included within this study were also thoroughly analyzed to locate proper quality
procedures and COVID-19 precautions and measures (Table’s 7 and 8). Table 6
summarizes the companies used within this study, and their quarterly revenues from 2019
and 2020 if the company released those figures on their respective website.
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Table 7. Top Agricultural Equipment Manufacturers Quarterly Earnings 2019-2020

Company
AGCO
Caterpillar
Changfa Co.
CNH
John Deere
Kubota
Mahindra
Deutz-Fahr
Raven
Industries
SDF Group
YTO Group

2019Q1
1,995M
13.5B
N/A
6,006M
7,984M
4,441M
2,103B
605M
98,178M

2020Q1
1,928M
$10.6B
19.79M
4,993M
7,631M
4,161M
1,394B
419M
86,496M

2019Q2
2,422M
14.4B
N/A
7,068M
11,342M
4,640M
1,750B
438M
98,058M

2020Q2
2,006M
10B
48.1M
5,150M
9,253M
4,209M
835M
313M
85,179M

2019Q3
2109M
N/A
N/A
5,892M
10,036M
N/A
N/A
N/A
N/A

2020Q3
N/A
N/A
N/A
N/A
8,925M
N/A
N/A
N/A
N/A

742M
116,138

N/A
142,024

742M
116,138

N/A
142,024

N/A
N/A

N/A
N/A

Table 8. Top Agricultural Equipment Manufacturers and their Identifiable Quality Policies

Company

Quality
Policy
Identifiable

Location of Policy

AGCO

Yes

Caterpillar

Yes

Changfa
Co.

No

CNH

Yes

John Deere

Yes

Kubota

Yes

Mahindra

Yes

Deutz-Fahr
Raven
Industries

Yes

https://www.cnhindustrial.com/enus/investor_relations/financial_information/Pages/annual_report
s.aspx
https://www.deere.com/assets/pdfs/common/our-company/johndeere-quality-policy.pdf
http://www.skmt.co.th/about/quality.html
https://www.mahindra.com/resources/pdf/aboutus/Sustainability-Review-2018-19.pdf
https://www.deutz.com/en/investor-relations/

No

Not Available

SDF Group

Yes

YTO
Group

https://issuu.com/sdfgroup/docs/sdf_annual_2019_completo_en_issuu

No

Not Available

https://investors.agcocorp.com/financial-information/annualreports
https://www.caterpillar.com/en/company/strategypurpose/strategy.html
Not Available
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Table 9. Top Agricultural Equipment Manufacturers and their Identifiable COVID-19 Response

Company

COVID
Response

AGCO

Yes

Caterpillar

Yes

Changfa Co.

No

CNH

Yes

John Deere
Kubota

Yes
Yes

Mahindra

Yes

Deutz-Fahr

Yes

Raven
Industries

No

SDF Group

Yes

YTO Group

No

Response Location
https://news.agcocorp.com/topics/agco-response-to-thecoronavirus-covid-19
https://www.caterpillar.com/en/news/corporate-pressreleases/h/caterpillar-announces-updates-and-response-to-covid19.html
Not Available
https://www.cnhindustrial.com/enus/media/press_releases/2020/march/Pages/CNH-IndustrialIntensified-Measures-to-Address-COVID-19-Outbreak.aspx
https://www.deere.com/en/covid19/
https://www.kubotausa.com/supporting-you
https://www.mahindra.com/news-room/press-release/techmahindra-conveys-solidarity-in-global-fight-against-covid-19through-temporary-tweak-in-brand-logo
https://www.deutz.com/en/media/press-releases/significantdecline-in-business-performance-in-the-first-half-of-2020-dueto-the-coronavirus-crisis/
Not Available
https://finance.yahoo.com/news/edited-transcript-sdf-axearnings-231727150.html
Not Available

This study used data and reports from the Center for Disease Control (CDC) and
the World Health Organization (WHO) to determine the number of cases and deaths
associated with SARS, Anthrax, Ebola and COVID-19. In addition to the cases and
deaths, mobility of the COVID-19 pandemic and its effects on a worker were tracked
using the same data from the CDC.
Happiness data was pulled from Kaggle, an online database created by Michael
Londeen for the year 2020. This happiness data covers multiple life evaluation criteria
such as GDP, healthy life expectancy, social support, freedom to make life choices,
generosity, and corruption perception. These criteria in comparison to COVID-19 will
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help us see COVID-19’s impact on these criteria but also to create the forecast of the
pandemic for the next 30 days in the study.
Methods of Statistical Analysis
To analyze the data and complete this study, correlational analysis and a linear
regression were used. It was found that this method of analysis would be the most
appropriate due to the nature of the study. Excel and the SPSS Statistical Software
package was used to analyze the data and look at the correlations between COVID-19
cases and deaths to GDP, life expectancies, happiness scores, social support, generosity,
and corruption. From the statistical output at the significance level of .05 the researcher
was able to confirm the reliability of the data received from the CDC.
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CHAPTER FOUR
RESULTS
COVID-19 Analysis
The first portion of analysis looks at the comparison of Anthrax, SARS, and
Ebola to COVID-19 (see Tables 3-6). Utilizing the data and Excel chart builder we were
able to see the percentage of cases to deaths between each pandemic as a whole. The
results brought to light the ratio of deaths percentages to actual case numbers. Table 10
showcases these percentages. Pulling the data that was generated from the previous tables
we can surmise that SARS, Ebola, and Anthrax can be considered more lethal than
COVID-19. However, table 6 showcases that by October 2nd we have reached a total of
182,893 total deaths within the United States since roughly the beginning of March of
2020. SARS, Ebola and Anthrax had such a low number of cases and deaths within a
finite amount of time, which would be considered a limitation of the study. SARS and
COVID-19 would be the closest in comparison as the novel coronavirus as SARS is a
severe acute respiratory syndrome, a viral respiratory illness caused by
a coronavirus called SARS-associated coronavirus (CDC, 2017a).
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Figure 4. Pandemic Comparisons Percentages

COVID-19 Present Data
Figures 5 and 6 showcase the number of COVID-19 deaths and cases up until
October of 2020 within a scatterplot generated by SPSS. We can see that the deaths have
started to plateau with a more flattened curve but on the flip side the cases definitely have
a positive linear line. Figure 7 showcases these scatterplots combined so a comparison
can be made, and again confirms that the number of deaths has flattened while cases are
ever increasing. However, from figure 7 we can see that the cases scatter is a bit more
dispersed in the upper-right hand quartile of the chart which is in sharp contrast to the
amount of cases from February to May of 2020 where the plots are closer together.
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Figure 5. COVID-19 Deaths up to Oct. 2020

Figure 6. COVID-19 Cases up to Oct. 2020
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Figure 7. COVID-19 Deaths and Cases Scatterplot up to Oct. 2020

COVID-19 30 Day Projection of Cases and Deaths
In addition to analyzing COVID-19 positive case numbers and deaths the
researcher ran a forecast method within SPSS to analyze the future of the pandemic for
the next 30 days based off of this same data. Table 11 showcases the model statistics of
this forecast that was processed under a Time Series Modeler to predict the outcome of
the next 30 days. From the Significance column we can see that both Cases and Deaths
are statistically significant based on it being below .05 alpha level, meaning that it
supports our hypothesis that there will be an increase in both deaths and cases of COVID19 in the next 30 days.
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Table 10. Model Statistics for COVID-19 30-day Forecast

Model
Cases_meanModel_1
Deaths_meanModel_2

Model Fit statistics
Ljung-Box Q(18)
Stationary
RR-squared squared Statistics DF
Sig.

Number of
Outliers

.634

.991

49.879

12

.000

0

.388

.875

76.886

14

.000

0

Figure 8 of the forecast analysis done by the researcher also supports the
hypothesis that there will be an increase in deaths and cases. However, from these mean
figures we can see that cases will dramatically increase while deaths may rise but will
predominantly plateau to a flat curve. Death outlook seems to be pretty good for the next
30 days, but with the winter fast approaching that line might see a positive increase as
well.
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Figure 8. COVID-19 Next 30 Days Forecast

Real Results of November 2, 2020
To support the 30 day forecast above, an analysis of absolute data as of November
2, 2020 was inspected. Pulled from the CDC, cases grew to 86,608 and deaths was 510 in
one day for new cases and deaths. Since the forecast was ran using the means of cases
and deaths we can once again state that this supports our hypothesis that there will and
has been an increase in cases and deaths for 30 days from October 2nd 2020. The
limitation with this forecast would be that it cannot factor in the time of year we are
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looking at. Since entering the winter season we have seen COVID-19 cases and deaths
increase dramatically.
COVID-19 Correlational Analysis
A correlational analysis was also done from the COVID-19 data to world
happiness data to see if the two are correlated at all. The first correlational analysis that
was done was between COVID-19 deaths and cases and gross domestic product (GDP).
Since the focus of this study is on agricultural equipment manufacturing business and
national food supply, looking at the GDP scores from 2020 and if there is any correlation
between it and COVID-19 would give us an idea of COVID-19 impact on the production
of goods and services. Table 12 showcases that there is a significant correlation between
GDP and COVID-19 Death Means at the .05 alpha level. However, it is right at the cusp
of that alpha level so it might not be a strong correlation, but it definitely is present. We
also see that COVID-19 Cases and Deaths are highly correlated at the significance level
of .00 level.

Table 11. COVID-19 Correlational Analysis with GDP

GDP

Cases_mean

Deaths_mean

Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N
Pearson
Correlation
Sig. (2-tailed)
N

GDP

Cases_mean

Deaths_mean

1

.119

.162

143

.156
143

.053
143

.119

1

.931**

.156
143

143

.000
143

.162

.931**

1

.053
143

.000
143

143
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Another correlational analysis was done looking at COVID-19 deaths and cases in
comparison to life expectancy (LifeExp), social support (SocialSup), freedom to make
choices (Choices), generosity (Gen), perception of corruption (Corr), and individuals
overall happiness (Score). Table 13 showcases this data and their corresponding
significance scores. We can see that for COVID-19 deaths and positive cases the
significance values that deaths are not highly correlated with anything except COVID-19
positive cases, which was already pinpointed in the previous table. We do however see
that positive COVID-19 cases are correlated with individual’s happiness scores with the
significance value below our .05 alpha level. This tells us that individuals happiness
levels may be impacted by the cases of COVID-19. We can also see many instances of
significant correlations in other factors not including COVID-19 death or case data, but
those are not relevant to this study.
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Table 12. COVID-19 Data Correlation to World Happiness of 2020

Pearson
Correlation
Sig. (2tailed)
N
Pearson
Death
Correlation
Sig. (2tailed)
N
Pearson
Life
Correlation
Exp
Sig. (2tailed)
N
Pearson
Social
Correlation
Sup
Sig. (2tailed)
N
Choices Pearson
Correlation
Sig. (2tailed)
N
Generosi Pearson
Correlation
ty
Sig. (2tailed)
N
Pearson
Corr
Correlation
Sig. (2tailed)
N
Pearson
Score
Correlation
Sig. (2tailed)
N
Case

Life Social
Cases Death Exp Sup Choices

Gen Corr Score

1 .931** .059

.032

.082

.021 .030

.058

.000 .486

.703

.329

.805 .723

.490

143

143

143

143

143

143

143

.931**

1 .116

.093

.076

.004 .026

.140

.000

.169

.267

.365

.962 .760

.096

143

143

143

143

143

143

143

143

.059

.116

1 .755**

.486

.169

.000

143

143

143

.032

.093

.703

.267 .000

143

143

.082

.076

*

.476**

.329

.365 .000

.000

143

143

143

143

.021

.004 -.087

.805

143
.755*
*

143
.447*

1

143

.447** -.087

143
-.360
**

.789**

.000

.301 .000

.000

143

143

143

.476** -.058

143
-.227
**

.771**

.000

.489 .007

.000

143

143

143

**

.596**

.002 .000

.000

143

143

143

-.058

.254**

1

.962 .301

.489

.002

143

143

143

143

.030

.026

**

-.227**

-.432**

.723

.760 .000

.007

143

143

.058

.140

143
-.360

1 .254**

143
-.432

143
-.279*

143
-.279
**

.094

.001

.265

143

143

*

1 -.446**

.000

.001

.000

143

143

143

*

.771**

.596**

.094

.490

.096 .000

.000

.000

.265 .000

143

143

143

143

143

143
.789*

143

143
-.446
**

143

143
1

143
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COVID-19 Regression Analysis
A regression analysis was also done by the researcher between the positive cases
and number of deaths. This regression analysis tells us if the positive cases from COVID19 are a good predicator or indicator of the number of deaths. From the ANOVA table 14
we see that we have a significance value of .000 which is well below our .05 alpha level.
Thus, we can confidently say that the positive COVID-19 cases are a good predictor of
death cases within the U.S. and the world as a whole.

Table 13. ANOVA

Model
1
Regression
Residual
Total

Sum of
Squares
df
977190.976
1
150092.541 141
1127283.518 142

Mean
Square
977190.976
1064.486

F
917.993

Sig.
.000b

Agriculture Equipment Manufacturers Revenue Comparison
Top agricultural equipment manufacturer companies’ revenues were also
inspected and compared to see how much of an impact COVID-19 has had on them. As
we are all aware COVID-19 has caused many businesses to shut down either temporarily
or have shut down permanently. The agricultural sector has not been immune to the
economical strain the pandemic has caused. Figures 9 and 10 showcase the difference in
quarterly revenues from the top agricultural equipment manufacturers that either
manufacture or sell within the United States. Thus, this would uphold the first hypothesis
of this study that COVID-19 has a significant impact on the revenues of this sector of
industries.
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Figure 9. Quarter 1 Revenues from 2019 and 2020 of Ag. Equipment Manufacturers

Figure 10. Quarter 2 Revenues from 2019 and 2020 of Ag. Equipment Manufacturers

Agriculture Equipment Manufacturers Quality and COVID Response
Due to the nature of the products manufactured at these companies, quality
management and quality policies must be enforced for the sake of farmer success and
continuous food supply production. With reviewing the corresponding websites of the
aforementioned agricultural equipment manufacturers, many had strict quality policies
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and clear COVID-19 responses, but many did not. 8 of the 11 companies listed did in fact
have quality policies which outlined their commitment to maintaining quality for
products as well as maintain supplier quality. For example, John Deere (manufacturer
visited by the researcher) states that they are focused on distinctive quality which focuses
on customer experience and delivering value to stakeholders while satisfying applicable
requirements (John Deere, 2017). The quality policies for these eight were easily
identifiable and thorough for their clientele to be reassured that proper quality measures
are followed and implemented. Three of the companies did not have identifiable policies,
outlines, or mentioning’s of implementation of quality within their processes, thus this
does not instill confidence in the longevity of their final product. The companies that do
not have identifiable quality policies and procedures are available in table 8.
COVID-19 responses were apparent in 8 of the 11 companies aforementioned
(see table 9). The responses all had a similar theme where the companies implemented
updated health and safety measures :
1. Increased cleaning effort in high touch zones;
2. Rearranged assembly process for social distancing;
3. Mandating face masks and face shields;
4. Adjusted shift schedules to minimize employee interactions;
5. Pathways converted to one-way access points;
6. Temperature checks upon entering facilities;
7. Work from home measures implemented for office personnel;
8. Sanitization stations implemented.
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These measures were put in place through the entirety of these companies. These
measures ensure that the quality management and engineering departments are
functioning as close to normal as possible while following the measures and keeping
employees safe. However, these measures were a reactionary response due to the
pandemic. Many of these companies that did implement a COVID-19 procedure, did so
after not initially preparing properly for the pandemic. Many companies had to
temporarily shut down some of their facilities due to rising cases and personnel not being
able to work due to quarantine restrictions. For example, John Deere & Co. had to shut
down their Davenport and Dubuque, Iowa factories for two weeks because of supply
chain interruptions due to the pandemic (John Deere, 2020a).
The COVID-19 pandemic has caused a lot of the workforce to adapt to an
increased workload and adjusted processes. This has caused a lot of added stress to office
staff, general laborers, and even management within this fields of work. Employees have
had to rapidly acquire new skills as they cover other employees’ jobs due to quarantine
and isolation reasons (Kirby, 2020). Kirby (2020) also states that a culture of trust and
openness must be implemented. During these uncertain times, nine of the 11 companies
from table 9 released their COVID-19 as well as a press release to the general public
about their response, safety, and healthy protocols they implemented. This shows that
these companies are transparent and connected with their market to instill good faith and
that the company is holding their employees’ health in high regard.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
One of the main things that stands out within this study is that COVID-19 is going
to be a pandemic that will spill over into the new year. Companies in all sectors of work
will have to continuously monitor their employees, environments, and products to ensure
quality is maintained and safety regulations are upheld. From the SPSS output we have
determined that the growth of COVID-19 has be exponential in comparison to prior
pandemics such as Anthrax, SARS, and Ebola. The prior pandemics were present in a
finite amount of time with majority of positive cases and deaths happening in a twomonth period. From the beginning of 2020 we have seen COVID-19 cases and deaths
spike, plateau, and with the winter season upon much of the U.S. we will see those cases
and deaths spike once more.
Agricultural Equipment Manufacturers took a large hit as shown by their
quarterly revenues in the data above. The comparison done from 2019 to 2020 shows that
millions of dollars (USD) have been lost due to COVID-19. In addition to this loss of
revenues and net sales, their overall workflows were impeded. Quality management
departments were impacted as well as many others within these companies. Due to social
distancing protocols, increased sanitation requirements, and employee
quarantine/isolation mandates companies saw a good number of their employees not
being able to work. Many employees were laid off due to the pandemics impact on
national demand for farming equipment decreasing. That is not to say farming has
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stopped as there will always be a need for food supply, especially during trying times like
these. However, purchases of brand-new tractors and other farming machinery decreased
dramatically since March of 2020, as most likely farmers are trying to maintain their
working equipment rather than investing in new ones. With this decreased demand in
farming equipment, departments like quality management and assurance had to be
decreased and/or employees from other stations at these companies were brought in to
cover the extra work who did not have prior quality training. The stretching of their
workforce to cover multiple departments due to quarantine or layoffs definitely hindered
the process of high-quality inspection and production.
Recommendations
Recommendations for future pandemic occurrences
COVID-19 has been well underway within 2020. Many industries took a reactive
stance in the face of this pandemic. Some recommendations for future instances of a
global pandemic would be:
1. Have a proactive pandemic preparation plan in place that acts as a guideline. This
guideline should:
a. Identify any and all risks to personnel and products.
b. Outline reporting requirements.
c. Outline proper communication channels.
d. Explain proper protocol to be followed should someone have a positive
result or have had contact with someone with a positive result.
e. Documentation and resources that personnel have access to.
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f. Changes of staffing documentation, such as work from home status or
moving staff to other departments.
g. Post-pandemic recovery procedure.
2. Industries with Quality Management Systems should continue to incorporate
continuous improvement.
3. Continuously monitor the CDC and WHO for information about the spread of
pandemics.
4. Move employees that are able to work from home a permanent decision.
5. Implement 5S lean manufacturing practices into the work culture, specifically
mandatory cleaning by all employees.
6. Integrate E-Commerce to minimize human interaction in general.
7. Have open communication across the board so as to maintain positive employee
morale. Lack of open communication can cause employees to be concerned for
their own health as well as their families if they are unsure of the status of their
employment due to rising pandemic cases.
Recommendations for future related studies
COVID-19 has had impacts on the finality of this study. With the researcher not
being able to do thorough field visits to inspect workflow and speak with management, it
was very limiting. Recommendations for future researchers who plan on continuing this
study or building off of it would be:
1. Accumulate a larger sample size of agricultural equipment manufacturers.
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2. Do a comparison of field visits from some of the top agricultural equipment
manufacturers.
3. Incorporate a survey qualitative measure within the study from agricultural
equipment manufacturers.
4. Pinpoint if some deaths are attributed to underlying health problems, not just
COVID-19.
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